With the advent of next generation sequencing, new avenues have opened to study genomics 26 in wild populations of non-model species. Here, we describe a successful approach to a
sequenced on a 454 GS FLX system and generated a total of 1.2 million sequences, in which 31
SNPs were detected. As no reference genome exists for the house sparrow, we used the zebra 32 finch (Taeniopygia guttata) reference genome to determine the most likely position of each 33 SNP. The 10,000 SNPs on the SNP-chip were selected to be distributed evenly across 31 34 chromosomes, giving on average one SNP per 100,000 bp. The SNP-chip was screened across 35 1968 individual house sparrows from four island populations. Of the original 10,000 SNPs, 36 7413 were found to be variable, and 99% of these SNPs were successfully called in at least 37 93% of all individuals. We used the SNP-chip to demonstrate the ability of such genome-wide 38 marker data to detect population sub-division, and compared these results to similar analyses 39 using microsatellites. The SNP-chip will be used to map Quantitative Trait Loci (QTL) for 40 fitness-related phenotypic traits in natural populations. 41 either side of the SNP were chosen. The selected 121 bp sequences were searched against the(http://blast.ncbi.nlm.nih.gov) as follows: optimised for discontinuous megablast; maximum 163 target sequences = 10; expected threshold = 10; word size = 11; match/mismatch scores = 1/-164 1; gap cost = 2 for existence, 1 for extension and filtered for low complexity regions. Because 165 the 454-reads used to build contigs contained both genomic DNA and cDNA, the search 166 against T. guttata reference genomic sequences served to help us determine whether SNPs 167 from cDNA sequences were situated on intron/exon breaks and to inform us of the position of 168 the SNP on the T. guttata genome. The retained query sequences that contained intron/exon 169 breaks were then cropped at the intron/exon break and were not allowed to be less than 116 bp 170 long. Query sequences that had hits to more than one position on the T. guttata genome were 171 considered repeats and removed. Query sequences with BLAST e-values worse than 2.0E-15 172 and those with more than six ambiguities were removed (i.e. the SNP itself and maximum 5 173 other ambiguities within the 116-121 bp sequence was allowed). In order to determine the 174 SNPs that were situated in known T. guttata mRNA regions, the remaining sequences were 175 put through BLAST against the T. guttata RNA reference genomic database 176 (http://blast.ncbi.nlm.nih.gov), with BLAST parameters as described above. A second BLAST 177 search against the more improved T. guttata reference genomic sequences database build 178 3.2.4.58 was carried out after development of the chip, in order to verify the positions on the 179 genome. The BLAST parameters were identical to previous searches. In total 19,852 SNPs 180 were sent to Illumina for processing by the Illumina Assay Design Tool to generate a score 181 file with a score and a failure code for each SNP that indicated the expected success for 182 designing an assay for the SNP. The SNPs that received failure codes equal to zero and scores 
RNA extraction 250
The RNA/DNA yield for samples extracted at Mole Genetics was 100 µl eluate containing on 251 average 139.3 ng/µl (SD = 88.0 ng/µl) nucleic acids for liver, kidney, lung and brain tissue 252 samples, and on average 18.1 ng/µl (SD = 4.9 ng/µl) for heart tissue samples. For samples 253 extracted in-house the 100 µl eluate contained on average 450.3 ng/µl (SD = 257.3 ng/µl) 254 total RNA for liver, kidney, lung and brain tissue samples, 27.5 ng/µl for the heart tissue The likely reason for such repeats was failure to treat the samples with DNase during RNA 265 extraction at Mole Genetics, with the consequence that genomic DNA was present in the 266 samples when cDNA libraries were synthesized. In contrast, for the individual that was 267 extracted in-house, the length distribution was as expected (i.e. a peak in the distribution of 268 read lengths at approx. 450 bp), indicating that sequences from this individual represented 269
RNA. 270
Contig assembly and SNP detection Stringent alignment of the reads produced 93,351 contigs 271 in which SNPs could be detected. The number of SNPs varied according to the stringency of 272 the search requirements. Using stringent search parameters described above but allowing 273 coverage down to 3 reads per site, we identified a total of 43,198 SNPs. Of these, 37,714 274
SNPs fulfilled the initial criteria of sequence length and SNP quality and were thus put 275 through BLAST. Of these, 13,800 SNPs satisfied the selection criteria (intron/exon breaks 276
were not allowed to extend more than a total of 5 bp into the 121 bp sequences, Infinium Type (range: 1 -32) (Fig. 3) . Table 1 , Mann-Whitney tests: P < 0.001). This suggests that a SNP was 298 more likely to be a true SNP (i.e. a polymorphic base) if the number of sequences in which its 299 rarest allele was observed was two rather than one. The mean number of SNPs called for a given sample was 8457 (range: 8169 -8476). 317
The 7413 variable SNPs were on average typed in 1988 samples (Table 1 ). The mean minor 318 allele frequency of variable SNPs was 0.2380, and ranged from 0.00025 (i.e. one sample was 319 heterozygous at the SNP and the rest homozygous for the common base) to 0.5 (Table 1) . Of 320 the variable SNPs, only 21.4% had a minor allele frequency below 0.1, suggesting that most 321 of the variable SNPs will be valuable in further analyses. (Fig. 4) . In concordance with these results, F ST analyses indicated that Aldra was the most 327 differentiated population, with pair-wise values approximately twice as high as for the other 328 islands (Table 2 ). This pattern was consistent also in the STRUCTURE analysis, which under 329 the most likely scenario identified two clusters; again with Aldra as a distinct population and 330 the remaining islands clustering together ( The inclusion of SNPs located in genomic DNA was un-intentional and caused by 377 failure to treat tissue samples collected from five of the six sequenced individuals with 378
DNase. The original idea was to sequence cDNA to obtain a high read depth in which to 379 detect SNPs, with relatively low sequencing costs, and avoid choosing SNPs with very low 380 minor allele count. In hindsight, it seems that sequencing a mix of cDNA and gDNA did not 381 reduce the quality of our SNP-chip compared to similar studies, despite the fact that we had to 382 choose some SNPs that were detected in regions with only 3x read depth. with a read depth of 3 (see Fig. 3 ). Of these, 60% (N = 1552) were both successfully called, 389 variable both within and across our sampled populations and with a minor allele frequency ≥ 390 0.01. Comparably, this is a lower success rate than for SNPs with a higher read depth, but 391
indicates that SNPs detected in low-coverage regions have the potential to be highly useful. 392
Approximately one third of our samples had a lower than recommended (< 40 ng/µl) 393 DNA concentration, however genotyping success was only marginally affected: there was a 394 F o r R e v i e w O n l y developed may therefore be a useful resource for molecular ecology studies on organisms for 399 which only small amounts of DNA can be acquired. 400
In all analyses of genetic population structure, the island of Aldra was the most 401 divergent, a pattern which is probably explained by the unique history of this population. and assignment analysis. However, in many other cases, such as in QTL mapping, studies of 422 adaptive evolution and effects of genetic drift, a greater number of markers is required and 423 microsatellites fall short compared to high density SNP panels. 424
In conclusion, we have described an easy and cost effective protocol for successful 425 generation and population scale screening of a 10K medium density SNP chip in a non-model 426 species. We have shown that despite features such as lower than desired read depth (3, for 427 approximately 25% of the SNPs), lower than recommended DNA concentration for some 428 samples, and a large proportion of SNPs situated in genomic DNA, the result was very 429 successful and comparable with other medium density SNP-chip population screens on non-430 model species. Lastly, our study indicated that for the purpose of population assignment and 431 differentiation, high density SNP data produce results that are comparable with those derived 432 from high quality microsatellite data. In the near future, the SNP data will be used to develop 433 the first marker map for house sparrows, and subsequent analysis into the genetic architecture 434 of quantitative traits in wild populations of house sparrows. 435 
